Solvolysis, Methylnorbornyl Systems, Norbornan-3,6-dione, 2-exo-Methylnorbornan-6-one 3-Nortricyclyl bromide (11) was transformed in four steps to norbornan-3,6-dione (10). Methyl 4-hydroxy-2-butynoate (19) was prepared from propargyl alcohol and its alkylation reactions with 3-methylcyclopentanone investigated. Methyl 4,4,5-triethoxycarbonylpentanoate (22) was obtained by the sequential alkylation of diethyl malonate with ethyl bromoacetate and methyl acrylate, and its base catalysed cyclization studied. Cyclopentadiene was converted to 2-ea:o-methylnorbornan-6-one (17) in eleven steps.
between exo-and endo-character of these positions will be lost at migration terminus and by the principle of microscopic reversibility, at the migration origin.
Detailed investigations by the abovementioned workers, as well as those of Doering [8] , Berson [9] and Collins [10] have proved rather inconclusive in fixing the exact nature and structure of the carbonium ion involved.
Regardless of the mode of depiction of the norbornyl cation either as classical (4), having a localised electron bonding structure or the nonclassical -cbThe 6,2-hydride shift (actually, a specific case of 1.3-hydride shift) was first proposed by Roberts and his coworkers [11] and later applied to the norbornyl system [12] . It is stereospecifically endo.
A special case of the 1,2-hydride shift, viz., the 3.2-hydride shift was first characterized by Schleyer and Olah [13] in 1964 and is stereospecifically exo.
Though the above hydride shifts have been rather extensively studied in the case of the 2-norbornyl cation system, a similar 2,6-methyl shift in such a system has not been studied thus far. Under correct conditions, the methyl group is expected to migrate in a manner analogous to that for the corresponding hydrogen shift.
A molecular framework incorporating the correct stereochemical and geometrical features is the system 5, i.e., 2-ea'o-methyl-6-norbornylidene acetic acid.
Me CHCOOH 5a
Chart I
Formation of the carbonium ion (5a) (Chart I) could be anticipated under acidic conditions from the acid 5, which could further undergo the rearrangements as indicated in Chart I. A WagnerMeerwein rearrangement of the norbornyl cation 5a [14] would lead to the carbonium ion (6), which might either undergo cyclization to furnish the /3-lactone (8) or initiate a 6,2-methyl shift followed by ring closure to afford the isomeric lactone (9).
These two enantiomers could be distinguished isotopic labeling at C2-and analysing the reaction products. It is obvious, however, that the ^-lactone (8) would be the exclusive product in the total absence of a 6,2-methyl shift. A 3,2-methyl shift is not anticipated due to its exo-selectivity. 2,6-Hydride shifts analogous to the proposed methyl shift have been observed in closely similar compounds [15, 16] .
In order to better understand the nature of the carbonium ion referred to above and also to study the scope of the analogous methyl shift, recently, a stereospecific synthesis of 2-ea%>-methyl-6-norbornylideneacetic acid (5) was undertaken in these laboratories [17] , but the synthesis required defini- Krieger [18] in 1961.
Thus treatment of 3-nortricyclyl bromide (11) with silver tetrafluoroborate [19] in dimethylformamide solution in presence of triethylamine gave, in almost quantitative yield, 3-nortricyclanone (12) as a pale yellow liquid, which on reductive acetylation with a mixture of acetic acid-sulfuric acid furnished in 75% yield the keto acetate (13) .
Attempted oxidation of the bicyclic keto acetate (13) with 8 N chromic acid in acetone following the procedure reported by Kleinfelter and Schleyer [20] directly to the desired bicyclic dione (10) was unsuccessful. Hence the acetate (13) was hydrolysed with potassium hydroxide in aqueous ethyl alcohol to the keto alcohol (14) , which on Collins [21] oxidation led to the formation of the key-intermediate, norbornan-3,6-dione (10) In view of these difficulties encountered in this synthetic scheme, further work was temporarily suspended.
Since the attempted alternative synthetic schemes mentioned above for the preparation of the title compound (5) all gave rise to intractable mixtures, refinement and completion of the route already tried [17] was undertaken (Chart V). 
Experimental
Melting points and boiling points are uncorrected. Organic solutions were dried over anhydrous sodium sulfate. Petroleum ether refers to the fraction boiling in the range 40-60 °C. Infrared spectra were determined on a Perkin Elmer Model 237 Grating Spectrophotometer. NMR spectra were run on a Varian A-60 Spectrometer in CDCI3 solutions unless otherwise stated, using tetramethylsilane as an internal standard; values are reported in the (5-scale. Mass spectra were obtained on a AEI double inlet MS-9 Spectrometer. All new compounds marked with an asterisk * gave excellent microanalytical results within ±0.3% of theory.
3-Nortricyclanone
To a brown solution of AgBF4 (0.97 g, 0.005 mole) in dry dimethylsulfoxide (50 ml) was added at room temperature with stirring and in an atmosphere of dry nitrogen, 3-nortricyclylbromide (11) (0.87 g, 0.005 mole) and the resulting viscous slurry stirred vigorously at room temperature for 1 h. Triethylamine (2 g, 0.02 mole) was then introduced and stirring continued for H/2 h. The mixture was then left at room temperature overnight.
It was then decomposed by the addition of ice water, filtered and the filtrate extracted with 3 X 50 ml of 1 : 1 ether-benzene mixture. The combined organic extracts were washed with 100 ml of 5% aqueous HCl solution. 100 ml of satd. brine solution, dried, solvent stripped off and the residue distilled under vacuum to afford 0.67 g of 3-nortricyclanone (12) as a pale yellow liquid b.p. 52-55°/ 5-6 mm. IR (neat), 1745 cm" 1 (C=0).
3-Oxo-6-norbornyl acetate
Following essentially the conditions described by Krieger [18] , 3-nortricyclanone (12) (1.1 g, 0.01 mole) was treated with 0.2 ml of 50% aqueous sulfuric acid and 2.6 ml of glacial acetic acid (BertrumWalbum solution) and the resultant solution heated at 105 °C for 7 h. Afterwards it was diluted with 10 ml of wate 1 and extracted with ether in a continuous liquid-liquid extractor. The ether solution was finally dried, solvent removed and the residue distilled, whereupon the keto acetate (13) distilled at 85-86 °C/0.1-0.2 mm, as a colorless liquid. Wt.
g, (yield 77%).

Norbornan-3,6-dione (10)
A solution of 0.4 g of (0.0025 mole) the keto acetate (13) in 100 ml of 95% ethyl alcohol was refluxed in presence of 1 g (0.02 mole) of potassium hydroxide for 3 h. After a usual work up, there was obtained 0.15 g of crude 3-oxonorbornan-6-ol (14). This was used for the subsequent experiment without further purification. (IR, 3420 cm -1 , bonded OH; 1735 cm -1 , ketone C=0.)
To a colorless well-stirred solution of pyridine (9.4 g, 0.12 mole) in dichloromethane (100 ml) was added at room temperature 6 g, (0.06 mole) of anhydrous chromium trioxide and the clear, burgundy colored solution was stirred at room temperature for 15 minutes.
A solution of 1.26 g, (0.01 mole) of the crude keto alcohol (14) in 10 ml of CH2CI2 was then added to the above solution in one lot and the red reaction mixture stirred for 15 min at room temperature. It was filtered and the dark tarry residue washed several times with dichloromethane. The dark colored solution was washed with 3 X 100 ml of 5% aq. NaOH solution, 3 X 100 ml of 5% aq. HCl solution, 100 ml of 5% aq. NaHC03, and 100 ml of water. The organic solution was dried, solvent removed under vacuum and the residue distilled. Norbornan-3,6-dione (10) distilled out as a colorless liquid at 75-80 °C/1.0-1.5 mm, which had a tendency to solidify to a low melting solid. (IR 7135 cm -1 ; ketone C=0.) The bis-semicarbazone was obtained as a white solid, m.p. 261-263 °C (ref. [18] 260 to 262 °C). (20) To a well stirred, ice cold solution of 63 g (0.76 mole) 2,3-dihydropyran and 42 g of propargyl alcohol was added 0.5 g of phosphorus oxychloride. After an initial vigorous reaction the pale yellow homogeneous solution turned dark in color. The mixture was stirred at room temperature for 2 h and worked up in the usual manner to obtain 88 g (yield 88%, ref.
3-Tetrahydropyranyloxy-l-propyne
[26] 90%) of 3-tetrahydropyranyloxy-l-propyne as a clean, pale colored liquid distilling at 88-89 °C/20 mm pressure.
Methyl 4-hydroxy-2-butynoate (19)*
A solution of w-butyl lithium in hexane (190 ml, 0.32 mole) was added in an atmosphere of dry nitrogen to a well stirred, colorless solution of the tetrahydropyranyl adduct (20) (35 g, 0.25 mole) in 200 ml of thiophen free dry benzene at 0 °C, whereupon the reaction mixture turned dark brown. It was stirred at 0 °C for 1 h and then was added to it about 40 g of solid carbon dioxide. The mixture was stirred overnight.
Carbon dioxide was allowed to evaporate and 400 ml of absolute methyl alcohol and 35 g of conc. sulfuric acid were added ; the reaction mixture was then refluxed for 24 h. At this stage 220 ml of solvents (consisting of a mixture of methyl alcohol, benzene and most of the water formed) was removed. Stirring was continued for 24 h more and then it was worked up to isolate the neutral ester, methyl 4-hydroxy-2-butynoate (19) as a colorless liquid distilling at 85-88 °C/1-1.5 mm in 40% overall yield.
Alkylation of ethyl 1,1,2-ethanetricarboxylate with ethyl acrylate
A mixture of 31 g (0.125 mole) of the triester (24), 8.5 g (0.1375 mole) of NaH, 12.8 g (0.1375 mole) of ethyl acrylate and 400 ml of dry tetrahydrofuran was held at reflux for 8 h, and then worked up as follows: THF was removed on a rotary evaporator, the residue diluted with 150 ml of cold water, and extracted with chloroform (3 X 100 ml). The organic extracts were washed with water (2 X 50 ml), brine (100 ml), dried and stripped off of solvent. The residue was chromatographed over 350 g of freshly activated SiC>2 and the benzene eluates were combined and distilled to obtain 23.3 g, (54% yield) of the tetraester (22) . IR (neat): 1730-1750 cnr 1 (satd. ester C=0).
Diels-Alder reaction of cyclopentadiene and acrylic acid
To 530 g (7 mole) of of clear, colorless cyclopentadiene taken in a 2-liter, 3-necked flask cooled in a dry ice-isopropyl alcohol bath, fitted with a mechanical stirrer, pressure equalising dropping funnel and a dry ice-acetone condenser carrying a drying tube, was added 530 g (8 mole) of acrylic acid in drops during 5 h, with vigorous stirring. The hard viscous mass was stirred for 1 h more, diluted with 600 ml of chloroform and extracted (5 X 150ml) with 10% K2CO3 solution. The yellow basic extract was washed with chloroform (2 X 100 ml) and then carefully acidified with conc. HCl. The carboxylic acid was then extracted with CHCI3 (5 X 100 ml), dried, stripped off of solvent and distilled, when the carboxvlic acids (25) and (26) 
Oxidation of 5-norbornene-2-carboxyldehyde
To an ice cold mixture of 350 g (2.07 mole) of AgN03 and 200 g (1.64 moles) of 5-norbornene-2-carboxaldehyde (supplied by the Aldrich Chemical Co.) in 2.1 liter of 95% ethyl alcohol and 3 liters of water was added with stirring a solution of 140 g (3.5 mole) of NaOH in 1.1 liter of water. The gray suspension was stirred for 2 d at room temperature, filtered, the filtrate acidified with conc. HCl and then processed to isolate 5-norbornene-2-carboxylic acid in 95% yield.
9.
5-Bromo-2-endo-norbornancarbo-6-lactone (27) [23]* Bromine (245 g, 1.53 mole) was added in drops during 3 h to a well-stirred ice cold suspension of the mixture of acids (25) and (26) (195 g, 1.413 mole) in aqueous NaHC03 solution (585 g, in 1500 ml) and then the reaction mixture stirred for 3 additional hours.
The crude product was worked up for the neutral fraction from which was obtained the lactone (27 
Methyl 6-oxonorbornan-2-endo-carboxylate (29)*
The bromolactone (27, 100 g, 0.463 mole) was stirred with a solution of NaOH (60 g, 1.5 mole) in 1.5 liter of water at room temp, for 2 h. The reaction mixture was worked up in the usual manner for the acidic product to afford 61 g (85% yield) of 28. IR (neat): 1745-1700 cm-1 (broad, acid and ketone C=0), NMR: 9.2 (broad, 1H, carboxylic acid proton, axchanges with D2O). This product was used as such for the next step.
Esterification of 16 g (0.1 mole) of the keto carboxylic acid (28) 
Methyl ß-oxonorbornan-2-exo-carboxylate
(30)*
A well stirred slurry of sodium methoxide in methanol (prepared from 0.7 g of sodium metal and 13 ml of methanol) and the enrfo-ketoester (29) (69 g, 0.411 mole) was heated at 125-130 °C for 2 h. It was cooled, diluted with 10 ml of water and worked up to give 62 g, (90%) of the exo-ketoester (30). B.p. 75-77 °C/0.1-0.2mm. IR (neat): 1750cm-1 (broad, ketone and ester C=0). NMR: 3.65 (s, 3H. ester CH3).
Methyl 6-oxonorbornan-2-exo-carboxylate ethylene ketal (31)*
The ketoester (30) (52 g, 0.31 mole) in 800 ml of dry benzene was refluxed with ethylene glycol (25.5 g, 0.41 mole) and p-toluenesulfonic acid (100 mg) for 6 h under dry conditions using a DeanStark water separator. After the usual work up there was obtained 51 g (91.5% vield) of the required ketal ester (31) b.p. 79-81 °C/0.2 mm. IR (neat): 1725 cm" 1 (ester C=0). NMR: 3.55 (m, 4H, ketal CH2).
6-Oxonorbornan-2-exo-hydroxymethyl
ethylene ketal (32)* Reduction of the ketal ester (31) (52g, 0.2453 mole) in 2 liters of dry ether with lithium aluminium hydride (52 g, 1.369 mole) under reflux for 1 1 j2 h was followed by this work up: The reaction mixture was cooled, to it was added with stirring 0.2 ml of ethyl acetate, 0.2 ml of water, 0.2 ml of 15% aq. NaOH solution and 0.6 ml of water. It was then filtered, washed the residue with ether (50 ml), washed the organic extracts brine solution (250 ml), dried, solvent stripped off and the residue chromatographed over freshly activated Si02. The benzene ether (1:1) eluates gave the ketal primary alcohol (32). Attempted distillation of this material resulted in extensive decomposition. An analytical sample was prepared by preparative GC using 10% FFAP column. IR (Nujol): 3350 cm" 1 (broad, hydroxyl). The spectrum was transparent in the carbonyl region.
14. 6-Oxonorbornan-2-exo-methyl ethylene ketal (34)* Chromic anhydride (18 g, 0.18 mole) was added in small portions during 2 h to a well stirred, colorless solution of pyridine (28.2 g, 0.36 mole) in 400 ml of CH2CI2, followed by the ketal alcohol (32) (5.3 g, 0.03 mole) at room temperature. The dark red solution was stirred for 20 min and worked up in the following manner: It was filtered, the precipitate washed with 100 ml of CH2CI2 and the organic phase washed with 3 X 100 ml of 5% NaOH, 3 x 100 ml of 5% HCl, 3 X 100 ml of 5% aq. NaHCOa, 2 x 100 ml of water and brine (100 ml), dried and solvent stripped off to isolate 4.1 g of the crude aldehyde (33). IR (neat): 1720 cm-1 (aldehyde C=0). NMR: 10.3 (s, CHO). 2,4-DNP derivative (yellow powder from methanol), m.p. 149-150 °C.
The crude ketal aldehyde (3.9 g) in 200 ml of ethylene glycol was heated at 140-145 °C for 20 h with KOH (2.8 g, 0.05 mole) and hydrazine (1.6 g, 0.05 mole). Work up of the reaction product gave 1.4 g of the methyl ketal (34). An analytical sample was prepared by preparative GC on a SE-30 column. The IR spectrum was featureless.
2-Exo-methylnorbornan-6-one
(17)*: Dekatalization of the ketal (34)
The methyl ketal (34) (1 g) was refluxed in 100 ml of anhydrous acetone with 10 mg of p-toluenesulfonic acid for 3 d and the required methyl ketone (17) isolated as its 2,4-DNP derivative, m.p. 142 to 144 °C. Mixed m.p. with the 2,4-DNP of the aldehyde (33) was 112-116 °C.
